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DEVELOPMENT OF SOVIET GEOPHYSICS

V. V. Shuleykin

[Figures are appended./

The development of Soviet geophysics is characterized by two basic features:
first, by the birth and development of new branches of geophysics in the USSR;
and second, by original studies of unparalleled scope.

The civil war had scarcely ended when squads of geodesists, hydrographers,
magnetologists, and gravimetrists went out into the field. The Special Com~-
mission on the Study of the Kursk Magnetic Anomaly was created by lLenin's order.

The magnetic anomaly in the Kursk and Khar'kov reglons wes discovered in

the XIX Century, end Professor Leyst of Moscow did much valuable work .on &c-
curate determination of elements of the geomagnetic field, except that he did
. pot determine the geographical coordinates of the points which he studied. As
a result, the minute accuracy of the magnetic measurements was worthless, but
the Germans, who by some devious methods had obtained these maps after Professor
Leyst died, tried “ip vain to entlice the Soviet government into buying these maps.
Academician P. P. Lazarev rightly proposed that rether than purchase these
doubtful and incomplete documents, a new study of the vast megnetic-anomaly:should
be made ‘using expedition methods similar to those uséd for marine hydrographic
studies. These expedition methods made possible both magnetic measurements and
determination of geographical coordinates with uniform high accuracy. Ex-
cellent maps were ‘constructed of the distribution of the main elements of the
geomegnetic field in the region from approximately 500 to 52.50 N latitude and
from 33.50 to 38.50 E longitude. The underground ranges of magnetite rocks

stood out clearly on these meps.
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Extensive studies made by field workers required completely new methods for
laboratory studies of core samples. They gave rise to interesting new methods
for the interpretation of maps, i.e., for ectablishing the connection between
the  external fields shown on the maps and the position and magnetic properties

of the hidden rocks csusing the anomaly.

The magnetic observaticns directed by Lazarev and N. K. Shodro were closely
connected with geological studies organized by I. P. Gubkin and gravimetric
studies organized by A. A. Mikhaylov. Clear gravitational anomalies were dis-
covered in the places vwhere magnetic anomelies were observed. The seismologists
P. M. Nikiforov, M. 1. Polikerpov, and G. A. Gamburtsev also conducted works in
this region. .At the same time, A. I. Zeborskiy begar his extensive independent
studies. The voluminous data ob%ained in the region of the Kursk magnetic
anomaly by representatives of the most diverse branches of science permitted A.
D. Arkhangel'skiy tc meke broad generalizations on the relationship between geo-
logical structure and gravitational anomalies in the Buropean USSR.

By refuting the primitive notions of some West European researchers who
were transfixed by the isostasy hypothesis, Arkhangel’ skiy did much to develop
geophysical methods of studying the structure of the earth's crust. 1In parti-
cular, the interesting contemporary studies of slow oscillations of the earth's
crust, leading to the formation of highlapds end recessions of continents and
seas, are based upon his work. While on this subject, it is interesting to note
that V. V. Belousov and his coworkers have compared powerful deformations of
strata in nature with similar effects in plastic laboratory models.

The extensive development of field studies under the direction of the
Special Commission on the Study of the Kursk Maguetic Anomaly brought forth
mauy nev instruments. Cne of these was Gamburtsev's field seismograph, which
subsequent,ly was used in numerous seismological mineral explorations. New
experimental techniques made it possible to re-equip the net of seismological
stations, which was founded by B. B. Golitsyn and subsequently developed by
Nikiforow, V. F. Bonchkovskiy, and Ye. F. Savarenskiy. Bonchkovskiy proved the
connection of microseisms with cyclcnes and storms.

) L. V. Sorckin made inseresting, unique studies on gravimetry in the sea
from s submarine. The results of these works confirmed Arkhangel'skiy's hy-
potheses on the tectonic processes causing Crimesn earthquekes.

The megnetic survey made by Soviet researchers in the Kursk, Khar'kov, and
Voroneza regions was subseguently extended to the whole country. Since 1931,
a great deal of work bas been done on the construction of a regional magnetic
map of the USSR. These works were initiated by a group from the Main Geophysi-
cal Observatory, and from this group there was subsequently formed an independent
Tnstitute of Terrestrial Magnetism, directed by N. V. Pushkov.

In connection with the study of earth currents, new applied branches of
scilence developed in an allied field, i.e., electrical methods of prospecting
for mineral resources. While doing field work in electrical prospecting, A.
‘G. Ivanov stumbled onto an extremely interesting new effect, the so-called
seismoelectric effect of the second type.

II.

The great historical date of 1917 marked the beginning of systematic sci-
entific study in the physics of river-bed flow in the field of contemporary
hydrology. A group of important workers of the Administration of Inlend Water-
ways and workers of the Division of Land Improvemené, together with geographers,
geophysicists, hydrochemists, and others, organized the State Hydrological In-
stitute under the general direction of the Academy of Sciences.
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One of the most important problems solved by the workers of the State Hy-
drological Imstitute, mainly M. A. Velikanov, Corresponding Member, Academy of
gciences USSR; V. M. Makkayeyev, N. M. Bernatskiy, and A. A. Satkevich, was
that of the turbulence of river currents. Velikanov also created a new theory
of the movement of suspended alluvia based on mathematical data.

er in canals was studied by Academician S. A.
Khristianovich, who succeeded in integrating for the first t/ me the equations
of nonstationary motion of a fluid. The extremely complex form ‘of the exact
solution given by Khristienovich hindered practical use £ the method until V.
V. Vedernikov, Arkhangel’skiy, end G. P. Kalinin derivea very simple approximate
solutions based on Khristianovich's work. Velikanov and his coworkers also did
extensive work on the influence of rivers on the formation and changes of the
bed. S. I. Rybkin fourd important morphometric dependencies for the lowland
rivers which are characteristic of many regions of the Soviet Union. The mech~
anism of the destructive mud streams of Middle Asia and the Transcaucasus Was
studied by A. N. Konovalov and D. L. Sokolovskiy.

Wonstationary movement of wat,

The Soviet Unicn initiated research on the determination of river runoff.
search runoff stations was proposed by Velikanov.
and others obtained velusble data on runoff norms,
ellent map of the distribution of runoff

he first map of runoff distribution for

Organization of scientific re
D. I. Kocherin, B. D. Zaykov,
and Zaykov drew up not only an exc
moduli for the Soviet Union, but also t
all of Europe.

The mechanism of ground water movement was also studied for the first time

by Soviet scientists, beginning with the first works of N. N. Pavlovskiy and

ending with the most recent studies by P. Ya. Kochina, Corresponding Member
Academy of Sciences USSR.

Works of river hydrophysicists on the origin of bottom ice were of great
theoretical and practical importance, especially those of V. Ya. Al'tberg, a
pupil of tho grest physicist P. N. Lebedev. Subsequently, V. V. Piotrovich

4 +hat the so-called bottom ice could also form

and S. Ya. Vartazarov discovere
in the cross section of river flow, although it forms primarily on the bottom

and on various objects [anchore, etc.) submerged in the river.
II11.

Op 16 March 1921, Lenin published & decree which began with the words:
"For comprehensive and planned study of the northern seas, their islands, and
shores, which are of great jimportance to the state at this time, the Plovmornin
(Floating Marive Scientific Institute), affiliated with the People's Commis-
sariat of Education, is esteblished. ..."

The institute was not named accidentally; it was actually e floating in-
stitute. All its personnel were closely associated with the cxpeditionary
ship Persey which belonged to the institute and made long trips into the Barents,
Greenland, White, and Kara seas. Without exaggeration, we can state that all
‘our marine research institutes grew in ‘one way or another from this remarkable
institute; in all of them, the administrative work is carried out either by
founders of the Plovmornin or by those educated on its expeditions. The first
Soviet studies on the physics of the sea began in these expeditions, either on
board the Persey itself or on board hydrographic and transport vessels of other
offices with which the institute cooperated.
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Black Sea Hydrophysical Station

The expeditionary works, however, were gtill intermittent in nature. Draw-
ing from the experierce of biolegists. who had long recognized the need for per- i
magent marine biological stations; Soviet hydrophysicists began permagent year-
vound work on the physics of the sea at the Black Sea Hydrophysical Station in
the village of Katsiveli near Simeyz. This station was founded in 1929 by the
anthor and later became part of the Academy of Sciences.

s fgy as we know, except for the Moscow laboratory, the Black Sea Hydro-
physical Startics is the only ressarch institution in the world specializing on
the physics of the sea.

Work on the molecular physics of the sea at the station is also directly
copnected with studies of sea waves. By means of a simple and convenient instru-
ment based on the Gay-Lusgac prinziple, we succeeded in measuring the surface
+enajon directly in the sea, 1.e., by pulling from the sea surface the glass
bottom of a cone which 1s suspended from a spring dynsmometer. It was then dis-
covered that the surface temsicn drops to 50 34, or even to 22 dynes per cm on
those sea sechione where there are traces of some surface-active substences in
coatrast to the 72 dynes per cm azgociated with the pure sea surface. Much work
has been done on the problem of using wave energy for power units. However,
the nimerons works of French authors did not lead to any effective method"for
nusing wave energy; since phe moving perts of thelir wave machines rapidly-wore
oat upder the action of storm waves. "In the USSR, Ye. S. Avtonomov propoeed -
an tuteresting design which contains no moving parts and thus does not suffer
from the destructive action of storm waves. Avtonomov-tested his unit first -
in the leboratories of the Black Sea Hydropaysical Station and later on:the o=
seashore. His unit makes use of the hydrsulic ram effect; the waves crash into
yedge-shaped secticns of a guay and produce high cresis; the water which is .
11fied up pesses into e collzction trough snd can then be &opped through -any
tavbine whick.is designed for this head. In some cases; Avtonomov obtained wave
crests whose helght was ten times the vave' amplitude, i.e., five times the
height from the trough to the crest of the wave. -

. A+ the Black Sea Hydrophysical Stetion, interest has heightened recently in
" 4pe field of optics of the sea, with which Soviet hydrophysicists began to work
while still on the hydrographic ship Pakhtusov in 1922 and on the expedition
ship Persey in 1924. "his branch of geophysics was established simultaneously
in the USSR and India. Ip 1921, indepsndently of each other, V. V. Shuleykin
in Yalta and Ch. V. Raman in Celcutta proposed a theory on the origin of the
color of the sea. Shuleykin derived the spectral formula for the light coming
from the depths of the sea in its most general form, while Raman applied this
to the partial case of purely molecular scettering, which holds for the crystal-~
clesr waters cf the Bay of Bemgel. In addition, Shuleykin®s work permitted
calculation of the amount of light reflected from the surface of a calm sea
and from a vave surface for various angles of sight and varlous wave curvatures.
ot The role of the size of particles scattering the light was determined theoret= ;
N icelly and experimentally. In contrast to the opinion of Raman and his Indian !
school, the role of large scattering particles, e.g., air bibbles and suspended
particles in sea water, is very important and sometires even decisive. The
theory of multiple scattering of 11ight by these par-.cles vhich the Soviet group
developed showed that in the region of extreme blue and ultraviolet, vhere the
solar xays are not absorbed but only scattered by water, sharp deviations from
Buch’s law should be expected, because of scattering of higher orders; light
here shouléd be attenuated much less rapidly and in its penetration into the i
depths of the see; 1t should be attenuated, according to the hyperbolic law )

. established by Shuleykin. ,
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Experiments with artificial media which stromgly scatter but do not absorb ;
1ight were made by V. A. Pimofeyeva at the station and' confirmed Shuleykin's
theory. The theory was again confirmed by an effect discovered by Beebe in his
bathysphere {unnoticed by physicists until recently); namely, that at depths
of sround 250 m the exterpal illuminetion bacomes blue and then even violet.

T4 can be showa that for attenuation of light according to Buch's law within
+he ensire visible spectrum, the {1lumination at such depths would be invisible
to the eye, and 1if visible, would be green. The colors observed by Beebe can
bte explained only by slow attenuatior of light (according to the hyperbolic
1aw) in vhe blue and violet regions; in which, in contrast to the remalning
regions cf the vigible spactrum, there is no absorption of light.

A new original chepter in the history of the physics of the sea wag
wrizten by +he investigations of A T Mironov. Ee discovered electrical cur-
rense of considerakble d=nsity 1a the waters of the Barents Sea. Skeptics from
vhe Geological Prospectling Adminisiration equipped an expedition to check his
measurements; wheb they lovered electrodes connected to a sensitive galvanometer
into the sea, the gslvanometer quickly burned out. Mironov is studying these
gsa currents systematically at the station, and has now succeeded in proving
the complete correlation betveen iptensification of currents and magnetic storms
{Figure 1} snd the behavicr of sunspots, flare-ups, and floccules. Mironov
currents undoubtedly cwe their origin to solar corpuscular radiation, and there-
fore their density is greatest 1in pclar seas. They have nothing in common with
Faraday currents, which origipate in ‘he movement of air masses in the geomag-
netic field.

Other Scientific Instituticne

Tn addition to the Black Sea Hydrophysical Station, other scientific in-
stitutions which do not specialize in this branch of geophysics are conducting
investigations on the physics of the sea. For example, in the field just dis-
cugged, namely, optics of the sea, much has been done by A. A. Gershun and N. A.
Boldyrev, scisptific workers nf the State Optical Institute, and also by
Professzor Vs. A. Berezkin {deceased) of the Naval Academy.

Many USSR research institutes have done some work in other branches of the
physics of the ses. For example, in the Geophysical Institute, Academy of Sci-
ences USSR, L. N- Sretenskiy, Corresponding Member, Academy of Sciences USSR,
introduced pew features into the theory of +ides in the polar basin. Berezkin
also worked on this problem with his students in the Neval Academy. Academician
‘A. I. Nekrasov, L. N. Sretenskiy, and K. K. Fedyayevekiy also did important work
on the theory of waves. In expeditions of the State Oceanographic Institute,

A. M. Gusev developed a theory of arift and yawing of & ship under the action

« _ of the wind. In the Institute cf Oceanclogy, Academy of Sciences USSR, V. B.

4 o Shtokman made & series of studies on the theory of ocean curreats, in the equa-
,ﬂil‘ {orial region in perticular; he slsc clarified the theory of turbulent mixing
in the ocean and its role ia the spread of foreign waters which are introduced
into the mair vater masses of any cceanic region.

Interesting studies on the acoustics of the sea have been made in the Acous-
tics Laboratory of the Physical Institute, Academy of Sciences USSR, under the
direction of N. N. Ardreyev; Corresponding Member, Academy of Sciences USSR, and
L. S. Sukharevskiy.

Iv.

Climstology

Climatology has been put (o a f£irm matérial basis only in the last 30 years,
end primarily in the Institute of Climatology of the Main Geophysical Observa-
tory. The results of the reorganization of work were immediately apparent;
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a whole~series of monographs on the climatology of the USSR were produced
Tty Ye. F. Tvancva. 0. A. Drozdev, A A. Kaminskiy, V. N. Korotkevich, Ye.
S . Ruhinshteyrn, and others.

Many studies on the climate of the Arctic have been made by V. Yu. Vize,
Corresponding Member, Academy of Sciences USSR, beginning with his first ex-
pefition with G. Ya. Sedov %o Nevaya Zemlya and ending with his most recent
workse. Ths Moscow climetologists Ye. Ye, Fedorov, Corresponding Member,
Academy =f Sciernces USSR, and B P. Alisov have also made their contribution
wr this scienne
hs ks on tha study of weather regularities also originated in
+ 44 ing ragnlarities were first observed by B. P.

A

nts
y. whr diecovered thet weather changes cccur with a certain "netural
.

L0 and cover o certaip "natural synoptic region.” By collecting a great
number of syrzoptic maps, Mulitansvskiy constructed the so-called composite
weather maps, which enabled him *o establish a definite series of typical se-
quences n weather chavges. Mul'tancvskiy did not attempt to analyze the phy-
gicomathematical bases of these regularities and thereby drew criticism which
centinues to this day.  Nevartheless, he developed a long-range forecasting
precsdure which le now successfully used by several of his puplls, including =
8. T. Pagava, N. A Duletova, A. S. Fozhdestvenskaya, A. I. Askinaziya, and N.
V. Bulinskava. Despite its purely empirical basis; Mul'tanovskiy’s method re- A
mair3 the only cne &t present which permits us to predict long in advance the
general waather picture in a certain season. Of course, the present long-range
forecasts ars still very rough and imperfect, but in spite of thelr inadequacies
they have produced some resmarkable results. For example, in April 1941, a
cog-rangs forecast bulletin was published in which 1t was announced that snow
should be sxpected duving the first days of June in Moscow and later in Leningrad.
Az predictad, snov fell on 2 June 1941 in the outskirts of Moscow, apd on 8 June
thers was almcst & soevsterm in Leningrad. In the summer of the same year; the
forecasters announced that ice should be expected in the northern rivers of the
Furcpear USSE a2t the beginning of the zecond 10 deys of November; actually, the
Severnays Dvins ip Arkhargel'sk frozs on 11 = 12 November. At present, a great
research ins*ituts, the Central Forecesting Institute, directed by D. A. Drogey-
tsav . 15 working 42 improve the various forecasting methods.

The mathemz+tical trend in the work of the Main Geophysical Observatory was
established by three cutstarding scientists, A. A. Fridman; L. V. Keller, and
N. Ye. Kochin. Fridmae, in his short iife {dled in 1937), introduced so many
fruitful new 1deas into dynamic metecrclogy that the entire Soviet school of
dynamic meteorclegy is 8411l develcping these ideas. The classical studies by
Helmheltz and Margules preced:ng Fridman'’s studies were somewhet unwieldy, and,
iherefore, the mssning of the fricticnal forces which play a decisive role in
the layer of sir next to earth was not clear. Fridman and Keller established a
completely new trend by their study of turbulent viscosity of air; they created
& stetistical theory cof turbulence. Thay proposed that the structure of turbulent
flcw be investigated in connection with the characteristics of this flow, i.e.,
its velocity, pressure, and temperature. This suggestion has now produced very
important resulte in the works of Academician A. N. Kolmogorov, I. A. Kibel',
Corresponding Member, Academy of Scilences USSR; M. D. Millionshchikov, A. M.
Obukhov, and M. Ye. Shvets. Kolmogorov and Obukhov; in particular, thoroughly
developed the science of the scale of turbulence, i.e., of the so-called local
Btructurs of turbulence. Their methematical contributions were confirmed com-
pletely in beth observationz on atmospheric phenomena and special experlments
o the behavior of acoustic waves propagated in a turbulent atmosphere (V. A.
Krasil'nikov's experimenis). Kibel? and Shvets, using the same ideas, clarified
the role of turbulsnce under the thermal conditions of the atmosphere and con-
firmed the validity of the theory by studying the diurnal behavior of air tem-
perature at various heights.
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A descriptive picture of the general circulation of the atmosphere was
first given by Academician N. Ye. Kochin’s differential equations. He analyzed
the relative weight of the various terms in the cumbersome hydrodymamic equa=
tions when written in their gemeral and complete form arnd, by introducing some
simplifications, reduced these equatious %0 a form useful for geophysical stud-

jes. Together with Gel'bke, A. A. Dorodnitsyn, and other students of his, Kochin

gave the first epproximate solution of his equations, obtalning as a result all
the basic characteristics of he general circulation of the atmosphere. The

Kochin equations still conceal their greatest potentlallties. In all countries,

meteorologists are trying o obtain more and more accurate solutions for them.
These equetions will undoubtedly yield meny more remarkeble and perhaps unex-
pected results when mathematical vechnigues are improved .

One might ask the followirg questicn: If the simplified equations of hy-
dromechanics permit us to COVeY the entire geperal circulation system, could
we nor apply them together with the heat transfer squations to a certain small
ares to predict time variatiops 13 the different.meteorological elements?

Kibel' showed that this problem could be solved. By means of a simplifica~

ticn of the equations of hydromechanics and the héat trensfer equations, with a
relimble evaluation of the discardsd terms, he predicted the weather 2k to 36
hours in advance from the weather at the given time for the given location.
. Improvement of the hmethod requires accurate determination of the boundary con-

ditions, and wide introduction of it into practice requires education and train-

ing of the personnel wo perform the calculations. Since this is merely & teche
pical problem, the task of short-range forecasting may be_considered solved in
principle. Of course, we mist make cne axception, namely, the Kibel' method
cannot teke into account excephilonal phenomena which develop in the atmosphere,
such as hurricapes, tornadoes, winters of the 1940 type; etc. )

The works of methematicians on dynsmic meteorology both in the Soviet
Union and sbroad have not, up to the present, taken into consideration the in-
Pluenca of the underlying surface on atmospheric phenomena. Of the mathema-
ticians. only Ye. N, Blincva has attempted to consider this effect. In her
doctor 5 dissertation, Rlinova obtained very interesting results on the dis-
tributlon of air temperature and pressure over oceans and continents. Even in
this work, however, the problem was atyacked only formally; no consideration
was given at all to the actual physical effects vwhich characterize climate and
weather on continents apd cceans

A guite different approach %o the theory of climate and weather has been
attempted by those geophysicists who have made their primary goal the discovery
of the physical bases of climate and weather. First of all, it was proven by
the works of the Black Sea Hydrophysical Station.that climate can be considered
as 8 characteristic of the regime of certain unique "heat machines" in the at-
mosphere and ocean: There are two types of heat machines operating between

heaters and coclers, 1In the first type, the heaters are invarisbly the tropical

velts of the earth while the coolers are the polar caps and the belts around
the poles. In the second type, the heaters are the oceans and seas and the
coolers are the continents in the winter; in summer, the heaters and coolers
of heat machines of the second type exchange places; i.e., the oceans become
coolers and the continents become heaters.

In his first studies of this problem, Shuleykin calculated the thermal
currents intruding .in winter from the oceans and even from small inland seas
and the thermal currents which travel in the opposite direction in summer. In
the USSR and other countries with a moderate climate, the winter currents are
very sharply defined, while the summer currents are quite weak. The field of
these thermal currents which penetrate the lower tropospheric layer (approxi-
mately 2 km high in the middle latitudes) is characterized by climatological
maps of temperatuxe isanomalies. At each point of the field, the thermal cur-
rent may be considered as proportional to the isanomaly gradient multiplied by
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some arbitrary heat conductivity coafficient which can sasily be determined

- theoretically. Some hest 1s los* in transit from the ocean to the depths of

continents, but part of it gives sdditicnal- heat to the atmosphere in the
carresponding Tegions, enfsring in%o the heat balance cycle of the atmosphere
and finally being radiated into interplanetary space.

The amount cf supplementary heat comirg from an ocean and also coming
from the south along the meridian was calculated theoretically for the Lenin-
grad region and agreed completely with a Girect determinetion by Trolle of
elements of the hear btalance in Pavlovek (Slutsk). The theory also agreed well
with dlrec~ measurements ix ovher respects. The theory of thermal currents in
the s.mosphere coming from cceans Le continents easily explains the origin of
the wvell known cold belt in the Yalm~sk SSR and even permits us to determine
approximately its geographical position; this region is characterized by a mini-
mm of heat entering from the Atlaztic, Pacific. and North Arctic cceans.
This region is almost 1dsally continental; the air temperature there is ap-
proximately that which would be chserved everywhere at this latitude if there
were no oceans on the earth.

in later work at the Black Sea Hydrophysicel Station, Shuleykin, A. M.
Guser, apd Ye. V. Osmolovekaya showsd that the heat entering continents from
oceans apd inland seas is transported by monsoon air currents; in the lower
layer, about 500 m high, in winter cold air flows from continents to oceauns,
while in the layer sxtending 1,500 m above the lower layer, currents of consid-
erably warmer air flow from cceans <o continents. Heat transfer in the vertical
divection is accomplished by fturbulent mixing of the air masses. Even now,
some meteorolecgists still doubt whether there actually exist in the upper layer
air countercurrents wbich are directed from the ocean to the continent in winter.
These unfounded suspicions can easily be allayed by looking at maps of cli-
matological 1salicbars; the enormous ipcrease in the amount of air over the.
qg&tinents {especially over Asia and Europe} in winter, in comparison with sum-
mer®, 1s caused by these monsoon rountercurrents {antimonsoons), the flow of
which in autnumn-excesds the flov of alr currents joto the 0-500-m layer. In
spxing, o0 the othar hand, the #1ow of currents into the lover moumscon belt
predominates and cruses a return of the supplementary air masses fxom the con=-
tinent to the world ccean.

This movement of the supplementery masses disturbs the position of the
earth’s sxis of ipertia and csuses forced nutation of the earth's axis of ro-
tationi N. L. Byzova quantitatively confirmed this explszation of the shifts
of the poles, which have been so carefully studied by astironomers {espacially
by A. ¥&. Orlov). She proved that the increased amplitude of pole movements,
which is observed in certain years, is caused by resonance vetween the so~called
Chandler period of free putaticn and 8 period which might be called the geo-
physical year, i.e.; the time interval between the air temperature minimums of
two successive winters.

Workers of the Black Sea Hydrophysical Station have established an analytical
dependency between the size of a sea {of simplified circular form) and elements
of its heat balance, on the one hand, and the elements of the monsoon field
produced over it and over the surrounding continent, on the other. They dis~
covered the distribution of air temperatures over the sea and over the continent,
as well as the distribution of velocities and the position of the current lines.
The theoretically calculated values agreed well with the results of direct
messurements. The connection between the form of a shore line differert from
a circle and the intensity of a monsoon field was also established. A quantita-
tive explanation was given for the genesis of hurricane storms opposite such
sharp-pointed formatious as Cape Horn, the Cape of Goecd Hope, Kanin Nos, Cape
Zhelaniye on Novaya Zemlya. end Cape Farewell. This,. in general, is the trend
of Soviet work on the physicomathematical theory of climate. %
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Iy climate, then, is the characteristic of the regime of "heat machine=s.”
weethsr is considered as the changes of this regime, which changes ere usually
unavcidable in the operation of any heat machines or other machines;, even
those fitted with regulatore.

As a rule, machines tend toward self-excited oscillation processes. Our
imaginary "heat machines" in the atmosphere (and undoubtedly in the world ocean)
ere no excaption, As long sgo as 1939, Shuleykin discovered that chance
thermsl or dynamic perturbatious 1o the monsoon system "ocean-atmosphere-
continent” must lead to the formatlon of thermobaric waves in this system.

In nature, these waves most frequently appear as standing waves; the last term,
hovever . should be unders+ond in the seanse in which it is applied to waves in

a rotating system. i.e , in & Coriolis force field. In this system, some npdal
lines are immovatly "frozen," while other nodal lires and antinodes of the tem-
perature fluctuations rotats continuously around some pole of rotation.

The theoretically cal-uvlated picture of nodal lines and antinodes agrees
well with the maps conetiucted by the Svedish geophysicist, Sandstrom, of tem-
perature fluctuations in the atrmosphere -over Europe and the Atlantic. The
patural period calculated from Shuleykin’s theory agrees with the periods of
temperature fluctuations aciual.y hgarved during e weather change, i.e., with
those nstural weather periods discovered by Mul®tenovskiy. Thus, contemporary
physicomathematical theory has placed solid objective bases beneath the em-
pirical regularities dizcovered ty Mul"*anovskiy.

As might be expected, the greatest perturbations in the monsoon currents
must take place in the tramsiticssel periods; i.e., in the spring, when the sum-
mer replaces the winter monsonz, and in the fall, when the winter replaces the

- summer monsoon. Such increased perturbations are actually observed twice a

year, causing accentuation of the standing thermobaric seiches; in spring,

these are manifested as "May cold spelis” or "spring cooling," dhd in fall,

as the Teturp of warm weather called "Indian summer.” Z. I. Gavrilova's study .
of synoptic maps for several vears showed that during the May cold spells, a
unique gqusdripde system of snrinodes, 1.e., two warm antinodes and two cold .-
antinodes. rotate over all Furope. The pole of rotation lies in the region of -
Penza . epproximately in the same place 1t rested when the aggravated therm-
obaric seiches developed Jduring the unusual frost in Japuary 1940, Much
work must be done o clar:fy ihe reasons for changes in the period, and
especially in the amplitude of fluctnations of the weather elements to perfect
long-range weather forecasts. Contemporary aerology has opened a direct way to
such investigations. To & considerable degree, serology also originated in the
USSR; the first good aerological instruments and nethods were proposed by V. V.
Kuznetsov, director of the Aerological Observatory in Pavlovsk. P. A. Molchanov
used the Tirst radiosondes. We now have the Central Aerological Observatory,
directed by G. I. Golyshev, and wide potentialities for development of aerology
in the maritime regions through which weather "enters the continent." We there-
fore expect great progress in aerology which will reveal new relationships be=-
tween the ocean and the continents in their continuous powerful interaction.

Actinometric Stations

A large and well-equipped petwork of actinometric stations was created in
the USSR by N. N. Kalitin. This network was supervised by the well-known Acti-
nometric Institute, founded by Kalitin. The Germans destroyed this institute,
but we have every resson to belleve that it will be completely restored in 1948,
again in the village of Sel’tsa near Leningrad, and that Kalitin will continue

his work on actinometry with rerewed vigor.

» 0
7

CONFIDENTIAL
BEHFENTIAL

i

1

50X1-HUM

]




Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000600380574-3
' =1

L

N'\L

ANEIENTHL
v ]

His contribution tc the development of Soviet actinometry can be Judged
roughly by the following table showing the number of works published in the
Soviet Union on actincmetry for several continuous 5-year periods: 1913-17, 2;
191822, 1b; 1923-27; 89; 1928.-32, 133; and 1933-37, 177. As cen be seen,

there were no systematic studies on actinometry up to 1917 but, starting in

1918, this branch of sclence begar to develop rapidly. In the last 30 years,
over 500 wcrks have besn published, mostly by Kalitin, his students, and friends.
The importance of these works to all modern branches of geophysics which de-
pend on accurate data for the heat balance of the atmosphere and the heat

talance of the sea goes without saying.

Scviet researchers have also done much in the field of theoretical acti-
pometry, aspecially V. L. Kastrovy Academician V. G. Fesenkov, A. A. Dmitriyev,
Ye. 5. Kuznetsov, and I. I Tikharovskly. Considereble actinometric equipment
was developed in the USSR. The first and most relisble portable actinometer
was designed by the Moscow physacist V. A. Mikhel’son and many original and
valuable instruments were invented and constructed by S. I. Savinov, Kalitin,
and Yu. D. Yanishevskiy. Ouv acientists {Berezkin, Shuleykin, and Yegorov)
produced extensive actinometric studies on the ocean and were the first to
make & ccntipuous record of total radiation energy from shipboard.

Atmospheric Optics

- Closely conuected with actinometry are Soviet studies on atmospheric optics.
Priority here belongs to the workers ~f the Main Geophysical Observatory, parti-
cularly to Berezkin and V. V. Sharonov. Vary interesting problems of atmospheric
optics in counnection with astrophysics are discussed in the works of Academician
V. G. Fesenkov and V. 4. Ambartsumyan, Corresponding Member, Academy of Sciences
USSR. In the Geophysical Tastitute. Academy of Sciences USSR, I. A. Khvostikov
and his coworkers have intensively studied optical phepomena in the higher at-
mospheric layers. In particular, they produced interesting grudies of unight-sky
luminescence and developed methods for optical sounding of the higher layers by
means of powerful searchlights {zee Figure 2}. The work of D. N. Storozhenko
in the Main Geophysical Ohservaiory reveals interesting rew trends in atmospheric

optics.

V.

Since the end of the first decade of this century, atomic physics has
occupied the principal plece among the physical sciences. 'This is quite legiti.-
mate since in this field the most talented researchers have sought answers to
the most basic. decisive, and important problems of science. From this stand-
point, the field of geophysics has long remained in the background; the problems
which fell its way were interesting, but by no means basic or all-important.

In my opinion, the time has come when, in the fleld of geophysics, a great
number of both interesting and very important problems are being solved or are
approaching solution. True, these tasks are not similar in form to the fine pre-
cision work in the field of modern quantum mechanice. In their scope and magni=

tude, they are more similar to the work of the natural scientists of the last
century who were forced to experiment with nature directly and construct their

psths on virgin soil.

[Kppended figures folloxi7
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Sigars !, C(onnestion Between Elestric Mironmov Currents in the Ses and Mag-
astic Storms for Mzrch snd April 1947. a -- A very strong mag-
nztis storm during 2 - & March {temporary inverse currents with
smpiitudes from 420 ve - 20 mv/km; b e Severe magnetic storm;
¢ .. Moderats magme<is stcrm; 4 -- Disturbance of the magnetic
field; ¢ . - Sevsrs megnstis storm beginning suddenly on the
night of 17 April and sndaing just as rapidly.

0 20 nw 60 80 P

Degree of Polarization

0 Lo 80 . 120 160 I
Brightness

Figure 2. Depandency of Brigkiness and Degree of Polarization of Light on

Height of Scunding (according to I. A. Knvostikov) .

~END -~

- 11 =
CONFIDENTIAL

EONFIENTIAL

-

o

: S

“Sanitized Copy Approved for Release 2011/09/14 - GIA-RDPS




